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Abstract
Background: Physical activity (PA) reduces risk factors related to metabolic syndrome. Rurality
influences the way people incorporate physical activity into daily life. The aim of this study is to
determine the association of PA level with metabolic syndrome in a rural Australian population.
The influence of adiposity on these associations is also investigated.
Methods: Three cross-sectional population health surveys were conducted in south-east Australia
during 2004–2006 using a random population sample (n = 1563, participation rate 49%) aged 25–
74 years. PA was assessed via a self-administered questionnaire, and components of the metabolic
syndrome via anthropometric measurements taken by specially trained nurses and laboratory tests.
Results: Approximately one-fifth of participants were inactive in leisure-time and over one-third
had metabolic syndrome (men 39%, women 33%; p = 0.022). There was an inverse association
between level of PA and metabolic syndrome (p < 0.001). Men who were inactive in leisure-time
were more than twice as likely and women more than three times as likely to have metabolic
syndrome compared with those having high PA. Body mass index (BMI) is a mediating factor in the
association between level of PA and metabolic syndrome.
Conclusion: Some PA is better than none if adults, particularly women, are to reduce their risk
of metabolic syndrome and associated vascular diseases. Specialised interventions that take rurality
into consideration are recommended for adults who are inactive.
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Background
Regular physical activity (PA) has a mild or moderate
effect on numerous metabolic and cardiovascular risk fac-
tors that constitute or are related to the metabolic syn-
drome [1]. Metabolic syndrome includes a clustering of
abnormal components: abdominal obesity, fasting hyper-
glycemia, hypertension and dyslipidaemia (high triglycer-
ides, low high-density lipoprotein (HDL) cholesterol). By
identifying people with metabolic syndrome, irrespective
of the definition used [2,3], individuals who are at
increased long-term risk of type 2 diabetes mellitus
(T2DM) and cardiovascular disease (CVD) can be identi-
fied, and this provides opportunity for prevention
through lifestyle intervention [4,5].
Lifestyle intervention to reduce risk of vascular diseases is
mainly through diet and PA modification. A contempo-
rary position on optimal levels of PA for health benefits
promotes incidental activity in conjunction with 30 min-
utes of moderate-intensity activity on most days of the
week which includes muscle strengthening activities [6].
The guidelines do not caution against sedentariness how-
ever the case is building for this [7]. When measuring PA
levels, some studies measure total PA while others meas-
ure the domains of leisure-time, occupational or commut-
ing PA separately. A previous investigation of the current
study sample reported that few of the rural Australian
adults met the level of PA needed for health benefits; most
were moderately active in leisure-time; the majority of
men engaged in high-level occupational PA (mainly
employed in agriculture, forestry and fishing) with
women reporting mostly low-level PA occupations (such
as administration, management, education and other
services); and approximately one-third of participants
actively commuted to work [8]. It was hypothesised that
with mechanisation of rural occupations, men perceive
they are more active than in reality. It was also suggested
that few people actively commute to work because the dis-
tances regularly travelled are beyond the 5–10 kilometres
suited to active commuting [9] and infrastructure to safely
separate active commuters from motorised vehicles is lim-
ited. Leisure-time physical activity (LTPA) is defined in
this study as voluntary and purposeful activity, carried out
to improve one or more components of physical fitness.
LTPA is the preferred measure for this study because the
categories include a comprehensive list of examples from
sport and recreation, home duties and gardening as well
as walking and cycling.
Strong evidence exists to show that obesity is a major risk
factor for metabolic syndrome [10] and low levels of PA
contribute to overweight and obesity [11]. There is
increasing evidence from population studies describing
an inverse association between level of PA and the preva-
lence of metabolic syndrome [12-21], however, to the best
of our knowledge none of these studies are rural nor do
they make clear the influence of overweight and obesity
on the association. The aim of this study is to investigate
the association of level of LTPA with metabolic syndrome
in a random sample of adults from a rural Australian pop-
ulation. The influence of adiposity on the association is
also investigated.
Methods
Participants
Three cross-sectional population health surveys were car-
ried out in the Greater Green Triangle (GGT) region of
south-east Australia between October 2004 and October
2006. The region is predominantly agricultural with mul-
tiple small towns of less than 1000 people and the two
largest towns have 23,000 and 13,000 residents. Inde-
pendent age and sex stratified random samples of people
aged 25 to 74 years were drawn from the electoral roll. The
total sample was 1563 participants with a 49% response
rate.
Data collection and measurements
The survey methodology closely followed the WHO
MONICA protocol [22] and recommendations from the
European Health Risk Monitoring Project [23]. The sur-
veys were comprised of a self-administered questionnaire
which included questions related to level of PA, plus a
series of anthropometric measurements and laboratory
tests to quantify cardiovascular and metabolic risk factors.
The questionnaire, together with an invitation to attend a
health check, was sent by mail to all selected participants
and nurses specially trained in the survey procedures con-
ducted the measurements; an explanation of these proc-
esses has been described elsewhere [24]. The protocols
and procedures for measuring height, weight, waist cir-
cumference and blood pressure, for computing body mass
index (BMI), and for venous blood sampling to determine
fasting blood glucose and lipid profile are also described
in detail elsewhere [24].
LTPA was categorised as 1) high: participation in activities
to maintain fitness (running, jogging, gymnastics, swim-
ming, ball-games or heavy gardening) or regular training
for competitions several days a week; 2) low to moderate:
walking, cycling or participating in another form of light
exercise (fishing, home duties, light gardening) for at least
four hours per week; and 3) inactive: reading, watching TV
or other passive pursuits.
Metabolic syndrome was defined in this study according
to the International Diabetes Federation (IDF) definition,
which is suitable for all ethnic groups [2]. In addition, the
definition of the Third Report of the National Cholesterol
Education Program Expert Panel on Detection, Evalua-
tion, and Treatment of High Blood Cholesterol in Adults,BMC Public Health 2009, 9:273 http://www.biomedcentral.com/1471-2458/9/273
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Adult Treatment Panel III (NCEP ATP III) was used for the
analysis [3]. The definitions are:
a) IDF criteria specify central obesity with waist circumfer-
ence ≥ 94 cm for men and ≥ 80 cm for women of Europid
origin, plus two or more of the following: systolic blood
pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85
mmHg or antihypertensive medication; fasting plasma
glucose ≥ 5.6 mmol/L or previously diagnosed type 2 dia-
betes; plasma HDL-cholesterol <1.03 mmol/L for men
and <1.29 mmol/L for women; plasma triglycerides ≥ 1.7
mmol/L.
b) NCEP ATP III criteria includes three or more of the fol-
lowing: waist circumference ≥ 102 cm for males and ≥ 88
cm for females; systolic blood pressure ≥ 130 mmHg or
diastolic blood pressure ≥ 85 mmHg or antihypertensive
medication; fasting plasma glucose ≥ 5.6 mmol/L or on
medication for high blood glucose; HDL cholesterol
<1.03 mmol/L for males and <1.30 mmol/L for females;
triglycerides ≥ 1.7 mmol/L.
Ethics approval was received from Flinders University
Clinical Research Ethics Committee. Informed consent
was received from participants when they attended the
clinical testing component of the survey.
Statistical analyses
Statistical analyses were undertaken using Stata version
10.1. Two-sided independent t-tests and Pearson chi-
square tests were used to investigate gender differences in
study population characteristics (Table 1), and the associ-
ation between LTPA and metabolic syndrome (Table 2).
For further analyses, data were weighted by the age and
sex distribution of the survey regions according to the
electoral roll.
Linear regression was used to compare the means of BMI,
waist circumference, systolic blood pressure (SBP), diasto-
lic blood pressure (DBP), fasting plasma glucose, HDL-
cholesterol, and triglycerides among participants in the
three LTPA levels (Additional file 1). The mean differences
between LTPA levels and 95% confidence intervals are
presented for males and females separately.
Three models were constructed. Model one included the
covariates: study area, age, education, smoking status and
alcohol consumption. The second model included BMI in
addition to the above covariates whereas the third model
included waist circumference instead of BMI in addition
to the above covariates listed.
For the logistic regression analyses, dichotomous varia-
bles were created using the IDF criteria of metabolic syn-
drome and its components, in addition to BMI (cut-off 30
kg/m2) and the NCEP ATP III criteria of metabolic syn-
drome (Additional file 2). Odds ratios and 95% confi-
dence intervals are presented for the 3 models as described
above.
Table 1: Characteristics of study population [n,%]
Male Female P-value
n 721 46.8 818 53.2
Age (mean, SD) 55.8 12.1 55.0 11.7 0.182
Education years (mean, SD) 11.2 2.9 11.4 2.7 0.169
Leisure-time PA level <0.001
Inactive 143 19.8 123 15.0
Low/moderate 451 62.6 602 73.6
High 127 17.6 93 11.4
Cardiovascular Disease 87 12.1 52 6.4 <0.001
Vascular risk factors
Standard alcohol drinks per week (mean, SD) 10.8 14.2 3.8 5.8 <0.001
Current smoker 126 17.5 108 13.4
Ex-smoker 274 38.1 215 26.7
Non-smoker 319 44.4 483 59.9
BMI (≥30 kg/m2) 202 30.3 255 35.0 0.062
LDL-cholesterol (>2.5 mmol/L or on lipid lowering medication) 592 89.8 618 84.8 0.005
Metabolic Syndrome (IDF) 250 39.0 232 33.0 0.022
Waist circumference (≤102 cm for males and ≤88 cm for females) 453 68.3 529 72.6 0.083
Hypertension (≥130/85 or on antihypertensive medication) 439 64.4 434 57.1 0.005
Fasting plasma glucose (≥5.6 mmol/L or on an antidiabetic medication) 215 33.3 144 20.4 <0.001
HDL-cholesterol (males <1.03 mmol/L; females <1.30 mmol/L) 154 23.6 126 17.9 0.009
Triglycerides (≥1.7 mmol/L) 224 35.5 200 29.0 0.012
Cardiovascular disease includes stroke, myocardial infarction, coronary bypass surgery or coronary angioplastyBMC Public Health 2009, 9:273 http://www.biomedcentral.com/1471-2458/9/273
Page 4 of 7
(page number not for citation purposes)
Result
This study included 1539 rural adults (men 47%, women
53%) aged 25–74 years with data available for LTPA
(Table 1). The majority of participants reported a low to
moderate level of LTPA (68%) and nearly one-fifth were
inactive in leisure-time. Over one-third of participants
had metabolic syndrome (men 39%, women 33%; p =
0.022; Table 1). The prevalence of hypertension and the
concentrations of fasting plasma glucose, HDL-choles-
terol and triglycerides based on the IDF cut-off points
were worse in men than in women (Table 1). The preva-
lence of BMI and waist circumference above the cut-off
points were not significantly different between men and
women. There was an inverse association between level of
LTPA and metabolic syndrome based on IDF and NCEP
ATP III criteria (p < 0.001) (Table 2).
Among men and women, there was a significant associa-
tion between the three levels of LTPA and waist circumfer-
ence the inactive group had the highest waist
circumference and the high LTPA group the lowest (Addi-
tional file 1, model 1). Similar associations were generally
found for LTPA and BMI. After BMI adjustment (Addi-
tional file 1, model 2), the association remained for waist
circumference in men and not women. After adjustment
for waist circumference (Additional file 1, model 3), the
association with BMI was no longer significant for any
group.
In women, the other components of metabolic syndrome
significantly associated with level of LTPA were fasting
plasma glucose, HDL cholesterol and triglycerides (Addi-
tional file 1, model 1). After adjustment for the effect of
BMI (Additional file 1, model 2), and waist circumference
(Additional file 1, model 3), significant associations
remained for fasting plasma glucose.
Men who were inactive in leisure-time were more than
twice as likely and women nearly four times more likely to
have metabolic syndrome based on IDF inclusion criteria,
compared with those having high LTPA (Additional file 2,
model 1). Similar four-fold increases in probability of
having metabolic syndrome were found for women, when
data were analysed using the NCEP ATP III definition
(Additional file 2, model 1).
Men and women who were inactive in leisure-time were
approximately four times more likely to be obese (BMI ≥
30 kg/m2) compared with those having high LTPA (Addi-
tional file 2, model 1); similar results were found for cen-
tral obesity (waist circumference based on IDF cut-offs).
Men with low to moderate LTPA were more likely than
inactive men to have the fasting plasma glucose and trig-
lyceride components of metabolic syndrome above cut-
off points (Additional file 2, models 2 and 3). In contrast,
women who were inactive in leisure-time were over three
times more likely to have fasting plasma glucose or triglyc-
erides components of metabolic syndrome above the IDF
cut-offs compared with those having high LTPA.
Discussion
To our knowledge, this study is the first to describe the
inverse association between LTPA and metabolic syn-
drome in a randomly selected rural adult population.
Both men and women who were inactive in leisure-time
were more likely to have metabolic syndrome compared
with those who had high LTPA. This was a robust finding
based on the IDF definition of metabolic syndrome.
Using the NCEP ATP III definition, the significant associ-
ation was found for women only. We consider the IDF
definition of metabolic syndrome more appropriate since
central obesity is a defined component and there are eth-
nicity specific values. By contrast, the NCEP ATP III defi-
nition, for example, could include thin Asian people with
hypertension and dyslipidaemia along with obese indi-
viduals [25].
The inverse association between LTPA and metabolic syn-
drome has previously been reported [12-21], however
those studies either used the NCEP ATP III definition of
metabolic syndrome, or were conducted in selected pop-
ulations. Even though a range of instruments are used to
measure PA, the relationships with metabolic syndrome
have nevertheless been consistent. Currently, there is no
gold standard for self-reported physical activity measure-
ment [26]. The tool used in this study is a simple self-
reported measure suited to the self-administered ques-
tionnaire format, and it has been used and reported else-
where [27].
The reported findings on the influence of rurality on met-
abolic syndrome and its key component obesity are
inconsistent [28-31]. As part of the phenomenon of epi-
demiological transition, developing countries tend to
show urban obesity, and developed countries tend to
show rural obesity. In Australia, there is some suggestion
that rural and urban areas have a similar prevalence of
obesity [24].
Table 2: Prevalence of metabolic syndrome (IDF, NCEP ATP III) 
and leisure-time physical activity
IDF # NCEP ATP III #
LTPA level n % n %
Inactive 112 48.9 100 43.7
Low/moderate 327 35.7 280 30.7
High 43 21.5 36 18.1
Overall 482 35.9 862 64.1
# Level of leisure-time PA and metabolic syndrome (p < 0.001)BMC Public Health 2009, 9:273 http://www.biomedcentral.com/1471-2458/9/273
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Several studies, one of which was conducted in a 'real-
world' setting in rural Australia, have highlighted the
importance of weight loss, particularly through reduced
waist circumference as a primary target for prevention of
T2DM [32-34]. It is of concern that one-fifth of partici-
pants in this study were inactive in leisure-time and that
this group was most likely to be obese and have waist cir-
cumferences exceeding the IDF cut-off points. Our results
show an association between obesity (BMI and waist cir-
cumference) and LTPA which is consistent with another
Finnish population study that used the same tool as our
study to measure LTPA [27]. To determine whether BMI
and waist circumference were confounding factors in the
relationship between LTPA and metabolic syndrome, we
adjusted for the effect of these variables (Additional file
2). Our results suggest that BMI and waist circumference
are mediating factors in the relationship, particularly for
women and weight loss is likely to reduce risk of meta-
bolic syndrome and therefore T2DM and CVD.
One of the strengths of the study is the random sample
drawn from a rural adult population. Although the partic-
ipation rate was modest (49%), a comparison of socioe-
conomic characteristics of survey participants with
population statistics available indicated that participants
closely represented the true populations of the areas [35].
Another strength is that a close comparison could be
made with the study by Barengo et al. [27] since it used
the same LTPA measure and similar methods of analysis.
The present study was enhanced by the investigation of
the relationships between LTPA and metabolic syndrome
and its components.
A limitation of this study is that it relies on self-reported
LTPA. Self-reported physical activity measures are associ-
ated with over-reporting [26] however such measures are
widely used as indicators of activity, and the costs of more
objective physical measures were beyond the scope of this
study. Dietary habits were also self-reported in the survey;
however there was no overall measure to include as a cov-
ariate in the analyses. Another limitation is the disparities
found in men for fasting plasma glucose and triglycerides
which remain unexplained. The result of no effect was
also found in another Australian study, where the positive
association between sedentary behaviour and fasting
plasma glucose or triglyceride was found for women and
not men [36].
The greatest public health gains from physical activity pro-
motion come from increasing the physical activity level of
people who are sedentary [11]. It has been suggested that
in rural Australia, facilities and opportunities for LTPA
and active commuting tend to be limited compared with
urban areas as a result of smaller and more dispersed pop-
ulations. Unstructured or low-intensity activity such as
walking has been shown to reduce the risk of developing
metabolic syndrome [37], and tai chi has shown promise
[38]. These activities do not require specialist facilities and
are suited to a low intensity start-point with gradual pro-
gressions making them appropriate for inactive adults liv-
ing in rural areas. Active obese individuals have lower
cardiovascular disease risk than those who are sedentary
and obese [39], and the types of activities suggested above
are also appropriate for rural obese people. The challenge
for health professionals is how to best intervene with this
difficult to reach group.
Health professionals working in rural areas require spe-
cialised skills to support people who may not perceive
themselves as inactive, to plan for, and engage in LTPA.
Rural health professionals require an understanding of
occupational physical activity in the rural context as well
as the challenges of active commuting in these regions
and the limited opportunities and facilities for LTPA. In
2006, a project conducted in the same region of rural Aus-
tralia as the current study, reported on an effective group
lifestyle modification program designed for people at
high risk of developing T2DM [33]. More women than
men chose to participate in the program and the results of
this study suggest that women are particularly vulnerable
to cardiovascular disease if they are inactive. Program suc-
cess was attributed to factors that include the theory based
health behaviour principles that underpinned the pro-
gram and the fact that local health professionals who
delivered the program were trained in non-directive coun-
selling techniques and group facilitation. The group pro-
gram mentioned above supports these processes and the
group helped to generate possible solutions that individ-
uals could adopt for themselves. The program is particu-
larly suited to increase LTPA in inactive adults with
metabolic syndrome who live in rural areas.
Conclusion
At least 20 percent of rural Australian adults in this study
were physically inactive in their leisure-time and this inac-
tivity was associated with an increased probability of hav-
ing metabolic syndrome, particularly in women. Some
physical activity is better than none if adults are to reduce
their risk of metabolic syndrome and other vascular dis-
eases.
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